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AN EXPERIMENTAL STUDY ON LOAD-DEFLECTION BEHAVIOR OF STEEL BOX SECTION BEAM-TO-COLUMN
CONNECTIONS UNDER STATIC AND REPEATED LOADING
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An experiment on comer parts of steel rigid frame structures subjected to static and repeated loading is
described. The tests are performed using L-shaped models with rectangular and circular cross section
columns, respectively. Although yielding load of column flange near frame corner part is considered as the
same for compression and tension loading, the large difference was found from the experiment becaunse of
local buckiing of the column's inner flange of corner part. Better load-deformation relationship is observed
for the circular column model than that for the rectangular column model.
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Table 1 Test Program

v Rectangular (REC) Circular (CIR)
Loading Method Specimen Name R Specimen Name r/t
Static Loading (Compression) REC-C CIRC
Static Loading (Tension) REC-T 0.79 — 294
Repeated Loading REC-R CIR-R
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(2) Rectangular Section (REC) (b) Circular Section (CIR)

Fig. 1 Dimension of the Test Specimen
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Table 2 Properties of Test Specimens (Nominal)

Specimen T Ay A, I, I, W, M, b/t R r/t
(mm) | (cm?) | (cm?) | (cm*) | (em*) | (em®) | (tf*m)
REC-C
REC-T — 129.6 | 129.6 | 54106 | 54106 | 2173 | 52.15 | 444 0.79 —
REC-R '
CIR-C 2793 | 129.6 | 163.9 | 54106 | 61850 | 2214 | 53.14 — — 294
CIR-R 279.3 | 305.6 | 163.9 [127720| 61850 | 2214 | 53.14 — —_ 294

r : Outer Radius of Column Cross Section
A, (A,) : Area of Cross Section of Beam (Column)

I, (I): Geometrical Moment of Inertia of Beam (Column)

W¢ : Modulus of Section of Column
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(a) Compression Loading
Fig.2 Calculation of Yield Strength Py
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AT E—A vV 2EXD, Thbb,

(a) M-diagram due to
Vertical Loading P

(b) M-diagram due to
Earthquake Loading H

M, : Yield Moment of Column

b/t : Width-Thickness Ratio

R : Dimensionless Width-Thickness Ratio
r / t : Radius-Thickness Ratio
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Fig. 3 Modeling of a Frame Type Pear
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Fig. 4 Test Setup
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Fig. 5 Repeated Loading Program

Table 3 Test Results of Tensile Coupon Test

E Oy o gy v
(kgffem?) | (kgffem?) | (kgffem?) | (w)
‘t= 6mm | 2.13x105 | 3088 4293 | 1442 | 029
2.11x106 | 2599 4513 | 1218 | 0.29

t= 9mm

|t= 9.5mm 2.12x10° | 3608 4762 1718 | 0.35

E: Young's Modulus oy: Yield Stress o,; Maximum Stress
gy : Yield Strain v : Poisson's Ratio
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Fig. 6 Residual Stress Distribution of Rectangular Column

Table 4 Maximum Load for Static Loading

Specimen| P, (tf) | Py (tf) | P, / Py | 8 (mm)
REC-C 66.9 60.3 1.11 8.72
REC-T 87.9 60.3 1.46 8.51
CIR-C 103.5 96.5 1.07 10.40

P, Maximum Load Py: Expected Yield Load
8y: Yield Displacement (Calculated)

B P, 2 THRBREE P, TEXRTALEER, BHOER
WO RECC, CIR-C I LCIXZENENL11L, 107 &
FThi | BERESVELRY ., FH5REM O RECT
W LTI 146 LR BVWMEL 2o, ZHUSHTD
EZRITRBETE L HTRRDB,

34 BROWMOFRE—EN (P/Py-8/38,) DR

BAOERERNR L OBNEREFNORE P, LS %
FNTNBRRFTEP,, BREM S, TERTLLEZP /Py
-8 /8, DBR % Fig. 71T, ERITTLITAVD 8y idEt
BEZAWEE LA, ERCELNZHMEEROMEE A
9 10%BERXL Rote, THIIEMEOBRY FiT2
Fig. 4 ICRT LS CEVHRLIRLE 2 TRY . EREE
PrigRELOMOBRBOEEIMz bRz bD L
2o TR EEL DN, EROBREN 5, iZER
o & BTE — 207 dhR O BAEER 2 DERRH O TERARTE
EPICRIGT HEL L TR,

B LY. BEOERRITEEIT - REREEHE O EfE®
# (REC-C) & BIE#HH (REC-T) 2T 2L, #fRD
BicKERBORRLNE, Thbh, BHEMREMNZ
fFo7 RECC REALAMYT 7 o IS ABPEFLE
HICREEREE U-7e), BAMEROWEN W
BFLAELDLEZ bND, AEMBEHERE TIIEE
EHTRAWONRE 7T UUBERT A—F LD b

40 /%0

KEL O, ZRAHL 05 BETHNIEIIR 1),3)CHE
NAEICBRREOBE LR L HOEERHHBTELL
Exbhd, —F, BHEIEEW LT -7 RECT I3
R RMEFFEHMERTERLNE, Zhid., BXH
BIZETHHNICEARAR T Z o UMRBIRVBIR L, K
WCHEERET 7 DORBR, EABARSRADRBERIZ &

D EVEARBOBHOEENE LD L RRCOTHELD
EBIIOBENR LR LAEZLICXELDT, ZbHiX
OFTHRE-COEIPLBREINE, BAWELATHEAL
MMUERE T 5 DICBBENECER, BERWEAUET
AN T T U TRITEOBIRYMERKREVE
WIZ[Fig. 20)B R, "RV — Oz L b K
EREMPELNLELEELDLND, BAKICKE 2EA
MERBEEIE L EORBEAWER, TAM AR LHRE
WT T R T B - 7= [Photo 1(b)], '

7o, AREEEOERER (CR-C) TiX, HEE®E
OB TR ERBEOIL Y SAEE L7z 2D IcER
WHE DL (RECC) IWISIE— B Lo frE — B4R
Bohi,

Fig. 7 WM On L IR 4) o\ ARETEE %
FOoF—AVBREROERERTH D, OCTIT, OCT-
O-T IXBIBE Y #F &, OCTI-C, OCT-O-C I EM#H %=
T, D OEEBERROBELIE R=071 THD., =
o EARETOEHRMETM TORBRLERT S L.
BARMEIISIED B TH 8%, = EREHATTH 13%.
WO AR ESMREBVERE 2o, ThITHE
RARDIBEL NSNS A —F 5 0.71 L EBEEICENY
10%/hEhrofelebt EX bND, THEHMBTORE.
BEFRL#OFEET AAAEEEMOFRERLPT
%207‘:0

T ’l T T I T T T T I L] T T T
B ::——Elastic e
15 e )/OCT-I-T -
r S OCT-O-T .
I Sen TTteeall ,./ 4
- : .. REC-T .
e gk OcT0-€ / ]
O ... ~OCT-EC N 1
05t \ CR.C \ .
REC-C N
0 1 1 ] 1 { i ' 1 ) 1 1 1 1 1 ]
0 5 10 15

815,
Fig.7  Relation between Load and Displacement for Static
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Photo 1 Buckling Configuration after Test
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Table 5 Maximum Load for Repeated Loading
Spec- | P, () | Py (i) | P,/ By | P,/A
imen (kgf / cm?)

REC-R| 80.5| 60.3 1.33 621
CIR-R | 1265 [ 965 | 131 |- 772

P, :Maximum Load Py : Expected Yield Load

A : Cross Sectional Area of Column
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Fig. 11 Hysteresis Curve for Repeated Loading
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Fig. 12 Definition of Absorbed Energy

—184—



XF—LREYA 7 VL OBf%% Fig. 14 (T7R¥, Fig. 13
Eb, CIRR ZBE=RNVE— 18 A 27 VB TEER
TRAF—0K 28 ZicbEL. RECR T 9 V1 7 VE
TEATRIVX—OK 16 FIE LT, ZOZ b,
BTk 3.6 L AR, MBEEOFAEY B LB LT
FRiZvEnE N3,

Fig. 14 £V, =X VF—RILEIX RECR & CIR-R T
e 4 o JAVBTRKICRD . BT 2
DOEMZENR L BT HAB RO, FFiT,
CIRR "TIX 9 ¥4 2 VB F T RAF—IRILEL REC-R
X0 BH 30% KE Do, A, EEDIC—BRN
WEASKHTWAEEDr /1t (BER) XS50BETHS
B, AEBRTRENIYAEOKRE 21 / t 534930 DR
BEREALZT-DTHHLEELLND, 5%, 1/ tH
KELSBHEOREREREOERBULETHS ),

4FEDH

AFEIBESEECIZITE LVWER, HERIUONA
EWEERET5H 7 — A BATAEIM OEFIS I UL D
B LSRR ORE - ERSHOE N 2 EROICH R0
D OH, EEBLUCHABEHEEICETIERE R
bOTHBH, HEEICOVTIE, BIEHHEOBEL
PREWRETERT A—F RO BLHDERER
R—BROEEEE 25 bDO TRV, FROF—¥
R—2AD—WaeTboL LTHASNREL S,

AFEORERIPOBONIHEREUTICE LD S,
(1) EFHE REC) OHNEMRTT & BOSIERITO
HBDRER, WE MBI KERBVAEN, 53R
BEDOFTBAREREWEHBEBLNTL (Fig 10058), Z
WEAFECRNERRED 7 5 DBEHAT A—&
N R=0.79 L2z h KEL, — B2, LIYANASVIEE
HOBEITE, AECIIIRAREOERERSHFTED
L Bbid,

Q) ERFEHEOR D B LEFOKE, EHEKFO 1 3

Wr—r—T 71T 7T T T T T T T T T T T
P/Py
1.0

[
(=]

Absorbed Energy (AE)
3
T ) LI | T T T T I T T T T

PR N SO TN OO SRS SN SR T Y S SN S

| ST YO TR VORI WOV TN NN DO SN S WO N
5 10 15

(=]
[
[=]

Fig. 13 Absorbed Energy per Unit Displacement
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Table 6 Absorbed Energy (U / Pydy) for Static Loading

Specimen AE
REC-C 0.84
REC-T 15.62
CIR-C 0.97

Table 7 Absorbed Energy for Repeated Loading

REC-R CIR-R
Cycles AE | AEUD { AE | AEUD
1(18,) 021 [ 1.02 0.18 | 097
4(28) | 424 | 1.09 091 | 133
738) | 1070 | 076 463 | 117
10 @8,) | - - 938 | 1.01
13 (58,) - - 15.01 0.89
16 (68,) - - 23.71 072

AE : Cumulative Absorbed Energy
AEUD : Absorbed Energy per Unit Displacement
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Fig. 14 Absorbed Energy per Unit Displacement
~ Nondimensionerized by Nominal Value
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